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I. STATUS OF THE TEST PROGRAM 


In the letter from the 3UX Test; Committee to J. W. Forrester, 
C. F. J. Overhage, H. V. Boehmer, C. R. Wles-r, S'. H. Dodd, Subject: 
Coordination Direction of 1954 Cape Cod Syatem, 29 June 1955, the sug¬ 
gestion was mads that planning, maintenance, operation and eruination 
In the 1954 Cape Cod System be "coordinated or directed by a single 
centralised source." The Committee felt that lack of this centralised 
source has caused the oyer-all program to suffer. 

1 

During the past three weeks' we hare been reviewing the test 
program to determine whether this recommendation is sound and whether 
It would in fact bring about a solution to the problem- 


are: 


He hare found that the sources of trouble In the test program 


1. The OTC had not presented a completely formulated 
statement of test objectires. 

2. The SAGE Test CoMlttee had not presented a 1954 
Cape Cod System test program with realistic schedules 
properly phased with the development program. The 
publication of 6M-5001 and supplements Is a compre¬ 
hensive listing with priorities assigned, of all the 
work items suggested by all the people represented 

In the SAGE Test Committee. While a list of this 
sort le needed to formulate a test program, the list 
Itself should not be mistaken for a test program. 

The memorandum doe; not make clear whether it was 
Intended to be a proposed test program or merely a 
first step In obtaining one. 
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given •« shawm Is say eChar ladividwalt er grange wtthaal am- 
grass aetftartmaUaa It msy aat be repredaced ka whale ar la 
part wtihavi panmtsstaa la writing (raws Umcalm La bar alary 


nrah rs ysrls l la hit dec warml was This decameal c eatatas ImlarmaUaa affecting the mettenai 
I flatly by the Department af the defease mi the United States wiihia the meaning el the Es- 
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The planning which has been done to date has not 
taken Into account the costs (in computer tine, 
aircraft, manpower availability, etc,). The 
relative priority of this program with respect 
to the others being pursued by the Laboratory 
(SAGS equipment development, SAGE master program 
production, etc.) has not been established. 

4. Some of the equipment and parts of the progrem are 
under development or need repairs- 

5. The SAGE Test Committee confuses Its planning and 
advisory function with the executive functions which 
properly belong within the executing groups ( 1 .e., 
the STC cannot establish priorities on equipment 
use within the Laboratory nor can it schedule the 
Ixecutlon as stated on Page 3 of faM-3^76). The 
methods and procedures necessary to the coordination 
for the execution of the program had not been worked 
out and manned 

II. RECOMMENCE? SOLUTION 

It 1 j our feeling that the suggested solution to the problem 
(l.e., the establishment of a completely separate SAGE test group) will 
not eliminate the difficulties which motivat'd the memorandum of 29 June 
1933 and further, the elimination of those difficulties can best be done 
within the present group structure.. The test program now proposed Is 
aimed primarily at obtaining Information for development and should be 
run by the people responsible for development. System evaluation designed 
to establish the over-all effectiveness of a SaGE type system should be 
accomplished as soon as possible. However, these studies should not 
Interfere with the development necessary to insure the best possible 
performance in the first subsectors. 

1. Ob jectives 

The principal objective of the test program la to 
support the development of SAGE equipment and programs 
by performing tests to determine areas of weakness, 
to isolate their causes, and to indicate how they 
can be corrected. 

t The objectives of the test program are bounded by 

the availability of aircraft, computer time, and 
radar alte time. Since the number of people now on 
the program are less than the equipment can support. 

It Is limited by manpower. We recommend that the 
manpower be Increased to insure that we get the 
maximum use from the equipment. 
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To this end ve have defined a recommended test 
program for the 195^ Says Cod System. The tests 
cover the period up to 1 April 1956 which Is the 
beginning of the atoskedovn period for the SAGE 
master program on ZD-1. The tests have been limited 
to conform with aircraft and ground equipment avail¬ 
ability. The additional manpower needed has been 
estimated as 21 staff members for all phases, includ¬ 
ing equipment development 


2. Comp]etlon of the Cape Cod System 

The need for further development after equipment is 
first put Into experimental operation must he recog¬ 
nized and adequate manpower must be provided to make 
the equipment operational in a very short time. Ve 
have estimated that 10 additional staff members are 
needed to insure that the field equipment performance 
Is adequate for early system teats and still allow 
for the engineering necessary to bring the equipment 
up to standards adequate for SAGE. The FGD field 
engineering is expected to have progressed sufficiently 
to enable the test program to start 15 August 1955* 
Specifications for operational performances are needed, 
and will he derived from measurements by 15 August 1955- 


The computer program for the Cape Cod System has been 
found to have errors in two parts, the automatic Initi¬ 
ation subprogram and the detection of aircraft formation 
splits for track monitors These portions of the 
program have been investigated during July, and cor¬ 
rections are scheduled to be completed by 1 August. 


3. Effective Testing 

An effective test effort must meet the objectives 
•lted above and must consist of a planned set of teats 
which have been examined to see that they fit the SAGE 
time schedules and the resources available (aircraft 
availability, computer availability, and manpower In 
the test sections of Groups 22, 38 and 6l). A recom¬ 
mended program (Included in this memo) has been worked 
out but not yet concurred upon by the Bell Telephone 
Laboratories. 


The SAGE Test Committee should continue to carry out the planning 
function of Integrating proposed work Items into a single test program. 

The program should be re-examined monthly by the Committee to note progress 
and lntroducd any changes indicated by the results obtained However, It 
Is recommended that the CoMlttee confine its activities to planning and 
concurrence and that the responsibility for execution of tests rest fully 
vlth the operating groups. This means that the Cosmilttee cannot consider 
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any test program as final until the operating groups have agreed that 
execution of the program Is feasible with available resources- 

The SACK Test Comittee should have a full-time secretary to 
gather suggested test work Items, to prepare an agenda for each meeting, 
and to prepare end distribute minutes 

The Test and Analysis Sections of Groups 22 and 6l do not at 
present have adequate manning to keep up with the test program nov being 
recommended. Adequate staffing requires addition of an estimated 5 staff 
for Group 22 and 6 for Group 6l. 

In addition, better administrative procedures are needed to 
raise the efficiency of executing tests. The SAGS Test Office should be 
reoriented to perform its proper function of serving the executors 
(rather than the planners) of the tests. Renamed the Test Coordination 
Office, it should convert the test plans approved by the SAGS Test Com¬ 
mittee Into scheduled tests, keep Itself Informed of the status of all 
system elements, nuke all arrangements for scheduling each teat, collect 
significant data from all observers, keep central files of test results 
(both successes and failures) and sumsarlze these on a monthly basis for 
Groups 22, 38 , and. 6l and for the SAGE Test Committee. The Test Coordi¬ 
nation Office requires staffing from Groups 22, 6l, and 6U and Bp 11 
Telephone Laboratories men already engaged in these activities, and It 
needs one operational staff member to devote full time to managing the 
Test Coordination Office. 

The acceptance of this (or any other) test program requires 
a decision about Its value relative to other Lincoln work. The program 
recommended Is, we believe, valuable enough to Justify the manpower It 
needs. Some of the manpower Is needed for Cape Cod equipment development, 
end this same equipment will he a part of the Experimental SAGE Subsector. 

Implementation of the recommended program requires the following 
additional staff: 

Group 22 Analysis and Evaluation Section 5 

Group 6 l Test and Analysis Section 7 

(including Test Coordination Office) 

Total additional staff for Testing & Analysis 12 
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To develop the Cape Cod field equipment to the point where It 
Is adequate for testing and for Introduction Into the Experimental SAGE 
Subsector the following additional staff ore needed: 


Field Equipment and 
Radar Problems 


System Development 


Data Transmission Problems 
Total 


_6 

10 


Immediate improvements are needed, and all these people should be trane- 

- ^ - -- - ‘stall t ‘ 


ferred from other Jobs as discussed In more det 


below. 
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1. Functions 


To test a working system the else of the Cape Cod 
System or the Experimental SAGE Subsector, the plan for exe¬ 
cution must be divided'Into Its component functions, and 
responsibility for each must be understood and accepted by 
each responsible agency. Each agency must have the resources 
to fultill its responsibilities. 


The test program hue lacked a clear-cut breakdown 
of the Job, particularly for the execution of the tests. Also, 
since the responsible agencies did not have an accurate know¬ 
ledge of what was expected of them, they did not have a good 
estimate of the manpover they needed 


A recommended assignment of responsibilities for 
component functions in carrying out the test program Is listed 
below in Thble I. 
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functions 


Long - Range Planning 

1. Formulation of objectives (for not less than 6 months) 

2. Proposals for vork items to meet these objectives 

5. Initial selection of vork items 

Conversion of vork items Into test specs 

5. Schedule all vork Items for not less than 6-month periods, 
check agalnt available resources 1 computer time, site time, 
personnel, etc.) 





RESPONSIBLE ORGANIZATION 


arc 

Groups 61, 22, 38 , 3U, and 
BfL Test k Evaluation Staff 
Members 

STC 

Groups 6l, 22, 38 , 311, and 
BTL Test k Evaluation Staff 
Members 

TCO and Group Leaders 
responsive for equipment, 
people, programs necessary 
for the execution 



6. Negotiation of acceptable test program 


7. Approval of the test program and Its required resources 


STC and Group Leadem respon¬ 
sible for equipment, people 
and programs necessary to thel? 
execution § 


Lincoln Steering Committee 


o\ 

2 

m 

o 









— 
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RSSPOHSIBLE ORGABIZATTOH 


s 

f 

Is 


Short - Range PI turning 

8. Conversion of test specs to mission specs 

9. Weekly scheduling of missions 

10. Arranging for each elsalon, a/c, equipment, personnel, 
programs, night Test Director Hotlficatlon 

11. Integration of aircraft requirements with other Lincoln requirements 

12. Modification of schedules ae dictated by troubles (weather, a/c, 
equipment, programs, etc.) 

JbMc mtlaa 

if Conduct of mission 

lk. Observation, gathering test data 

15. Gathering equipment performance data 

16. Compiling data. Issuing mission report 


TCO and staff vha produced 
the test specificatipns 

TCO 

TCO 


Lincoln Lab Flight Test 
Coordinator 

TOO and Lincoln Lab Flight 
Test Coordinator 

FTD (Flight Test Director) 

FTD, staff members who designated 
tests, also 9fC for system tests 


Maintenance Coordinator 
(Group 6k) 

TCO 


I 


i 


l 

%• 

r 


m 
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17. Posting schedules, summary of test results monthly, 
summary of failures monthly 

feedback 

18. Evaluation of results and failures 

(reviev program, look for modifications needed In over-all 
test program) 

Test Results 

19- Analyze and evaluate test retalts, recomend action to be 
taken. Issue reports 

Action from Testing 

20. Revise SAGE master program In accordance vlth test results 

21. Revise equipment In SACS in accordance vlth test results 

22. Revise programs and equipment In the Cape Cod System because 
of test results 



RESPONSIBLE ORGANIZATIONS 



TCO 


STC and Group Leaders 
responsible for the execution 


BTL, Group* 22, 38, Cl staff 
members 


Group 6l 

Groups 6k, 62, 22, 2k 
STC, Groups 6k, 22, 6l 


a 

O) 
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2. Formulation of Objectives 

The objectives of the SAGS test program had not been 
clearly defined. Each member of the Committee, we found, had 
a different picture of vfaat the objectives were. It appears 
that the objective vas to perform all tests that were requested 
by the committee members In 6M-5001. The major criticism of 
this comprehensive program was that a definite time schedule 
for Its accomplishment was not spelled out, even though rela¬ 
tive priorities of different parts of It were Indicated. With¬ 
out this clarification the Impression could be obtained that 
the whole of the program was Intended to be completed by the 
time ESS became operational even though a large part of the 
test program was Intended to be of a long-term nature running 
concurrently with ESS. The SAGE Test Committee was hampered 
In its formulation of objectives by the lack of enough 
Information about the execution capability of the combined 
group effort. In order to formulate a 1954 Cape Cod test 
program of a definite duration, commensurate with our capa¬ 
bilities, we are recommending the following objectives for the 
first 9 months of the test program. 

Objectives 


The objective of the 1954 Cape Cod Test Program 
is to support the SAGE System by Investigating and evsil- , 
uatlng the weaknesses of a SAGE type System so that the 
Initial computer p tt i g ia a d , equipment, and operational 
doctrine for the first subsector are as effective as 
possible in the fulfillment of their air defense mission. 

Areas of weaknesses in the Cape Cod System have 
already been detected during system operation In 1953 and 
1954. It Is evident that the primary weaknesses have been: 

1) Deficiencies of the radar data received at 
the computer (poor orientation. Inaccuracy 

of data, and Inadequate rejection non-aircraft 
return *)} 

2) Deficiencies In the air surveillance func¬ 
tion (initiation, autcamtlc tracking, track 
trouble detection, and monitoring); 

3) Questionable performance of the Intercept 
direction team under saturation conditions 
(aircraft limitations with F- 89 C inter¬ 
ceptors have previously prevented adequate 
evaluation). 



L 
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The problem area* listed above were primarily 
responsible for the unsatisfactory Interceptions encoun¬ 
tered during past operation (omitting aircraft failures 
and weather difficulties). Other weaknesses may exist, 
but they could easily be masked by data and tracking 
deficiencies. The complete system should be operated to 
determine system performance and to search for other 
possible weaknesses after the data and tracking have been 
Improved. 


The testing and evaluation will result In: 

1) Correction of errors of execution (or 
unsatisfactory adjustment of parameters) 

In the 1954 Cape Cod System; l.e., If the 
equipment, pregram, or doctrines are found 
non to be operating as designed, the trouble 
will be diagnosed and corrected; 

2) Obtaining Information needed for farther 
research and development; l.e., If the 
design criteria of the 1954 System are 
found Inadequate, the effect vlll be measured 
and the trouble diagnosed. Correction will 
be made In the SAGE master program and 
Experimental Subsector equipment. Whether 
or not these basic changes In design or 
concept are Introduced Into the 1954 System 
will be decided Individually In each case 

by Botimer and Wleser after consulting the 
SAGE Test Coamlttee; 

3) The Bell Telephone Laboratories will use 
this Information to fulfill, In part, their 
responsibility (under the AD S3 contract) for 
assisting the Air Force to evaluate SAGE 
performance as an air defense system. 

It should be noted that this statement of objec¬ 
tives emphasizes the support of the SAGE equipment and 
program development, and concentrates on finding and 
diagnosing the system weakness which limitsover-all 
performance, 

3- Proposal for Work Items 

Items which become a part of the test program are 
prepared by members of the contributing groups. For the most 
part, the results of each test Item would be a t value to the 
group which proposed It, and It would contribute to an lmprovm. 
meat In equipment, program, or operator training procedures 
with which the particular group is concerned. In the main. 
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these are tests which the participating groups would have 
desired even If the SAGS Test Consult tee did not exist. To 
date this process has resulted In 6 M- 5001 , which Is a com¬ 
prehensive list of all work Items which the contributing groups 
felt were of value to the SAGE program, 

4. Initial Selection of the Work Items 

The SAGE Test Committee reviews the work Items and 
assigns priorities to these Items on the basis of the combined 
committee opinion. Since the work items proposed are In gen¬ 
eral Items which the participating groups would have proposed 
for themselves even if there were no SAGE Test Coamalttee, the 
major function of the committee Is to: 

1) Eliminate redundancies. 

2) Act as a meeting ground between groups whose 
tests require the participation of the other 
groups represented In the Committee and which 
the concurrence on the Joint use of equipment, 
programs, and operating personnel can be made. 

3) Help to establish priorities among the work items. 

The lack of a clearly defined set of objectives, and 
Incomplete Information on execution capability has made it 
difficult for the SAGE Test Committee to select a set of wr>rk 
Items which define a test program with a specified end date. 

The SAGE Test Committee has depended upon the SAGE test 
office, which Is Inadequately manned, for data on the cost of 
executing tests. One of the difficulties with the present 
statement of the STC responsibilities Is that it has been 
given executive responsibility (l.e.. It assigns sections to 
execute work items, and It Integrates schedules, and the SAGE 
test office reports to It). There should he a clear distinc¬ 
tion made between its advisory and concurrence functions and 
the executing responsibilities of the contributing groups. 

It Is oar opinion that If this committee works 
within the framework of clear objectives, and If It Is supplied 
accurate estimates of execution capability, that it can make a 
good selection of work items. 

5- Conversion of Work Items Into Test Specs 

The conversion of work items into test specifications 
Is done by the participating groups after the STC has arranged 
the items according to priority. The test specifications 
Include what the test Is to accomplish, hew the test is to be 
executed, and tbe cost of the item In terms of aircraft, com¬ 
puter, site, programming requirements. This cost data Is used 

oolriLU 
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Scheduling Work Items For Hot Leas Than Six-Month Periods 
Checking Against Available Resources 


To date, a 195*+ Cape Cod test program has not existed 
In the form of a time schedule coared to our expansion capa¬ 
bility. One of the major reasons for this Is that ve hare not 
set up an organization to gather all the necessary Information, 
prepare schedules, and the participating groups In estimating 
costs, and bring the difficulties It uncovars to the attention 
of the group leaders responsible for the execution. The SACS 
Vest Office was supposed to perform a function like this, but 
It vas to report difficulties to the SAGE Tfeft Committee. 

This is unsound, because this function Is part of the execution 
and the SAGE Test Committee is not responsible for execution. 
What Is mere Important, it cannot be responsible for executing 
because each of the members has separate responsibility and 
spends only a fraction of his time on 3TC work. Because mf the 
need for establishing the 195** Cape Cod teat program, a defin¬ 
ite schedule geared to the execution capability, a schedule of 
events for the next nine months has been established. To 
Insure that subsequent sections of the test program or modi¬ 
fications (to previously scheduled sections) are scheduled, 
vc are proposing to establish a Test Coordination Office 
(TCO), which, in addition to other duties, supports the execu¬ 
tion of the teat program by: 


1) Gathering together all data on proposed tests 
and data on execution capabilities/ 

2) Integrating these tests In a time schedule/ 

3) Bringing the problem area to the attention of 
the responsible group leaders for action; 

4) After the resolution of the problems, preparing 
detailed schedules which will be presented to 
the SAGE Test Coemittee for negotiation and 
acceptance by them (acceptance by a group may 
mean that It will have to shift Its manpower 
around, place mere emphasis on equipment 
development, etc.). 


In the absence of this office, staff members of 
Groups 22 and 6l have drawn up a test program for the 1994 
Cape Cod System through 1 April 1956. (The recaassended 
program is Section IV of this memorandum.) 
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The teat program for not less than a six-month period 
with Its costs should be approved by the STC and all pt the 
groups involved In the execution, with each group taking Into 
account Its own resources and Internal priorities. 


8. Approval of the Test Program and Its Required Resources 

The test program which Is negotiated as above will 
be presented to the Interested members of the Lincoln Steering 
Cotamttee. 


9. Short-Range Plannin g 

The short-rangm planning (adjustment of long-term 
schedules for weather, aircraft availability, etc.) has 
suffered because the SAGE Test Office was not adequately.^ 
manned. This function has been performed by members of the 
executing groups. In the future. It is expected that the 
functions of conversion of test specifications Into mission 
specifications, weekly schedule of~01sslons, arrangements far 
missions, and modification of missions will be performed by 
an adequately-manned Test Coordination Office as explained In 
the next L sections. 


10. Conversion of the Test Specifications Into Mission 
Speciflcatlons 

Mission speciflcatlons Include aircraft requirements, 
equipment requirements, manning requirements, data recording 
requirements, flight plans, and computer program requirements. 
(These are not tied to a specific mission date and hour.) 

In the past this function has been performed by the Flight 
Test Director because there has not been an adequately staffed 
SAGE Test Office. Now we propose that this function be per¬ 
formed by the Test Coordination Office, which reports to the 
responsible group leaders. 

11. Weekly Scheduling of Missions 

Weekly scheduling of missions Is the process of 
putting scheduled dates and hours on the resource requirements 
In the mission specifications. Ibis work requires an accurate 
knowledge of availability and condition of the ccomputer program, 
the equipment, and personnel required In the test execution. 

12. Arrangement for Each Mission 

For each of the system components called for on the 
weekly schedule, arrangements have to be made with the group 
supplying the component (or service). For the aircraft 
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requirements, the Test Coordination Office will prepare a 
schedule and negotiate It with the Lincoln Flight Test 
Coordinator's Office. For the equipment and personnel, It 
will contact Groups 22, 61, 6k, and 311. 

13- Modification of Schedules as Indicated by Trouble 

In the process of executing the tests, troubles 
which arise because of weather, aircraft and equipment avail¬ 
ability, or program trouble may require changes In schedules. 

It will be the responsibility of the TCO to schedule substitute 
missions which can be conducted If the aircraft or radar data 
become unavailable on snort notice. 


lL. The Conduct of the Missions 


« 




» 


The mission will be conducted by a Flight Test 
Director. This part of the Job is done adequately a pw, and 
there is no need to change It, except to relieve the Flight 
Test Director of the task of arranging for the missions. 

(The TCO will make arrangements to set up the missions.) 

The Flight Test Director will coordinate teat aircraft move¬ 
ments with the air-route traffic control center and the local 
GCI stations. He will offer any assistance possible In the 
event of an aircraft emergency. 

15. Observation. Gathering Test Data 

The staff member who designed the test will be 
responsible for gathering test data and forwarding significant 
data to the Test Coordination Office together with a statement 
of where all the raw data will be filed. The Flight Test 
Director will forward to the Test Coordination Office all 
data and cements on operational deficiencies found during the 
mission (operator manning, aircraft delays, program troubles, 
flight-plan violations, mission piewwiwg Inadequacies, etc.). 
These will be filed by the Test Coordination Office and 
reviewed at least monthly to Improve procedures for the 
arrangement and conduct of missions. The STC will observe 
all over-all system tests to gain a first-hand knowledge of 
system limitations. 

16. Gathering Equipment Performance Data 

The Maintenance Coordinator sees that equipment 
troubles are localized and corrected as rapidly as possible 
sad that adequate equipment records are kept for analysis of 
system operation. A copy of the data gathered during each 
■lsslon will be forwarded to the Test Coordination Office. 

Monthly susmarles of progress and of mission troubles 
classlFled according to cause will be prepared monthly for the 
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STC and the participating group leaders. 
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The Test Coordination Office will compile all the 
data it receives for each mission, summarize the data, and 
prepare a report on each mission. ‘Rue report will indicate 
the degree of success of the mission and state the causes 
of failure, whether total or partial. 


18. Evaluation of Results and Failures 


The SAGE Test Committee and the group leaders respon¬ 
sible for execution will review at least once per month the 
long- and short-range plans of the test program, and if nec¬ 
essary propose and initiate modifications to it. 


The test results will be analyzed and evaluated by 
the groups responsible for the tests. Actions which might 
result in modification to the SAGE master program and SAGE 
equipment will be recommended to the groups responsible for 
these modifications, and reports on each test item will be 
issued by the individual groups. 
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IV. RECOMMENDED TEST PROGRAM 


Previously there has been no complete test program with 
l) a clearly stated objective; 2) a scheduled end date for accomplishing 
a stated series of tests; and 3 ) & statement of the resources needed to 
accomplish the program. A recommended test program is outlined here. 

He have Judged the test effort to be valuable enough to Justify adding 
enough manpower so that the progress of the program is limited by the 
availability of radar data and aircraft for live tests and the avail¬ 
ability of the direction center for testa which need only synthetic 
data. 


The series of tests selected is based on past observation of 
Cape Cod System performance, end Its specific weaknesses. System tests 
(with live interceptions) will be conducted periodically to check for a 
required change In emphasis of the remaining tests. The SAGE Test Com¬ 
mittee will observe these tests and re compand changes in the remainder 
of the test program. Changes will be made (provided that they fit 
within our capacity to execute them). 

The test program proposed here provides: 

1. Data on system operation for checking and rcchecking 
the selection of critical components for detailed tests 
and for evaluating qualitatively over-ell system per- 
fomaBMv 

2. Data obtained under non-saturation conditions for 
evaluation and improvement of critical components in 
the system. For the most part the data will be obtained 
from accuracy tests of the componenta to lch perform 

the air surveillance function. 

3. Data obtained under saturation conditions to evaluate 
the two stations most sensitive to saturation in the 
Cape Cod System, the track monitor station and the 
intercept direction station. 

The recommended test program is outlined below. The cost of 
each teat series in aircraft time, direction center time, WHI and MTC 
computer time, and manpower is summarised in Table 2. The teat items 
sire summarized briefly as follows. 

1. System Operation Test ( SOT ) 

A series of system operations tests has been 
scheduled for the I 95 U CCS. These tests will, in general, 
require data from all radars, will require all consoles in 
the direction center to be manned, and will require live 
aircraft interceptions to be performed. The object of 
the systems operation test is to allow the SAGE Test Com¬ 
mittee and teat planning personnel to monitor the system 
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performance under realistic, complete, operating 
conditions (as contrasted with the conditions of 
function testing). 


It la expected that both quantitative and 
qualitative data will be obtained during the systems 
operation tests. This data, in turn, will be used 
as l) an Indication of the proper emphasis that 
should go Into remainder of the test program and 
2) as data for evaluation of over-all system 
performance. 

2. Interception Tests (IS), Reference 6 M- 5 OIL , 


The interception tests are broken down into 
sfivvi different series. 3cme of these are with 
sjuuietic data only, and same are with live inter¬ 
ceptors. The principal objective of the various 
tests is to obtain a measure of the accuracy with 
which an Interceptor can be guided to an Inter¬ 
ception point by the 1954 CCS. These tests will 
investigate both the collision course interceptions 
and off-set point final-turn interceptions. Ah 
attempt will be made to determine the advantages 
or disadvantages of the final-turn type maneuver 
over the collision course attack and to arrive at 
optimum parameters for both types of attack. 

After some familiarity with conducting these 
Interceptions has been attained, we will begin 
tests to determine the maximum number of Inter¬ 
ceptors that can be handled simultaneously by a 
given lnterceptr director. These testa will be 
made both with data link and with voice control. 

The results of these tests are needed to confirm 
the proposed SACS Interception doctrine and satura¬ 
tion capacities. Deficiencies, If found, must be 
diagnosed so that the SACS 'procedures.- master 
program, and equipment can be Improved. 

3 . Tracking Accuracy Testa (TA), Reference to 
Memorandum ai-56llT~BC50lS , 6M-5013. 6 M- 5 O 3 O 

A series of six tracking accuracy tests have 
been outlined so as to give measurements on the 
ability of the 1954 CCS to track. Essentially, this 
test is eilmed at determining the accuracy vlth which 
the computer is able to follow a given single air¬ 
craft. In general, the flights will be mode In 
areas that are relatively free from non-aircraft 
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returns, and hence, will give an Indication of 
the tracking accuracy In the absence of the need for 
monitors. A test will be made In the tracking of 
Interceptors to evaluate the Improvement In track¬ 
ing afforded by the command tracking technique as 
compared with normal tracking. The data obtained 
frcsn the tracking accuracy tests Is expected to be 
of use, not only In evaluating system performance, 
but in indicating the areas where improvement in 
correlation and smoothing techniques Is required 
in the SAGE master program. 

k. Trouble Detection and Monitoring Tests ( TIM ), 

R eference to Memorandum 6k-5006 

The Initial series of trac v monitoring tests 
Is aimed at obtaining a measurement of the Improve¬ 
ment in tracking brought about through monitor 
action. Three modes of operation will he used. 

First, we will track without any human Intervention. 
Second, we will do normal tracking with the 195^ 

CCS. Third, ve shall do normal tracking with con¬ 
tinuous monitoring. These tests are essentially 
measurements of performance on single aircraft 
tracks and will Indicate the value of the monitor 
and of the format of Information being presented to 
the monitor. 

A second series of tests Is being designed to 
test monitor action under more complicated conditions. 
These include crossing aircraft trades, multiple 
radars, and saturation tests. These tests vlll tell 
us how large a load a monitor can carry and how his 
performance varies with load. 

This information is needed to check the trouble 
detection r logic, which Is basically the same for 
SAGE, and to check the assumptions on monitor 
capacity used In designing the AB/F8J-7. If the 
logic or capacity are inadequate, they must be 
corrected for SAGE, or system capacity will be 
reduced. 

5* Initiation Tests (m). Reference to Memorandum 

a-3M8 , - acfsag . - 

The major objective of the Initiation test is 
to measure the performance (delay In Initiating true 
tracks and prevention of false tracks) of the manual 
and automatic modes of Initiation In the 195*^ CCS. 

A concurrent analysis vlll he directed toward 


0-6- N r I D [ N Ht r 







APPROVED FOR PUBLIC RELEASE. CASE 06-1104 


1 


Memorandum 6L-212 

DRAFT 

FL-Ad-8 


C WIB iMTIU 


Fm«e 19 


oiFIED 


eata Dinning atouilords for Judging Initiation per- 
foraance, projected improved Initiation method*, 
end specifying the criteria for use of these methods 
In SAGE. 


As a part of the study of Initiation techniques, 
the results of these tests trill he correlated tilth 
other results derived by theoretical methods. It 
Is expected - that, not only trill the present 
Initiation scheme be tested, but if time permits, 
tests trill bemftde to compare the present logic 
with that derived from theoretical considerations. 


Automatic Initiation in the 1953 system worked 
poorly (excessive false tracks), theoretical studies 
have pointed the vay to Improved program logic, which 
has been introduced but not tested In the 1954 system. 
The present logic needs to be carefully evaluated 
to Justify Its use In the SACS system, where adequate 
automatic initiation performance Is mandatory. 
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6. Data Studies (DS) References Memoranda 6M-5015, 

6H-5616. 6H-5317 - 


A study of radar data inputs of the com¬ 
puter vill be made to establish sufficient mathe¬ 
matical models to describe these inputs. From the 
computer point of view, there are only two kinds 
of radar datai aircraft returns and non-aircraft 
returns. Consequently, two mathematical models are 
required. The first will describe the returns 
which come from aircraft. The primary work in 
this area is being done by Group 22 (Item 12 below) 
but speoific applications to the study of system 
performance are being done by Group 61. The 
characteristics of importance are the accuracy of 
the return, the occurrence of multiple prints, and 
the statistics of the hit and miss sequence (blip 
scan). For non-aircraft returns we are interested 
in the spacial density of the returns after map¬ 
ping and in the correlation of the radar pattern 
from scan to scan. 


There are two specific needs for this 
type of data. The first and most obvious need 
arises from the need for designing improved cor¬ 
relation and smoothing techniques. In order to do 
this, on any other than a trial and error method, 
an accurate description of the data inputs is 
required. Second, the best way of obtaining large 
quantities of data on system performance without 
having to actually run the system is by methods of 
simulation. However, in order to put real faith 
in simulation results, one must be certain that 
the data inputs have been properly described. 

Also, a method of generating realistic 
synthetic data is needed to aid in the checkout 
and test of SAGE master programs and as an opera¬ 
tor training aid. 

7. Radar Mapping Tests (RM) Reference Memorandum 
! -—- 

Radar mapping tests are designed to ob¬ 
tain a measure of the effect upon the Cape Cod Sys¬ 
tem performance of the radar mapping (both gap 
fillers and heavy radars). Measurements will be 
taken to obtain percentage of area lost due to 
mapping, percentage of non-aircraft returns re¬ 
jected due to mapping, and the percentage of total 
returns rejected due to mapping. These tests will 
be conducted first with SDV type data and later 
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Along with the teat observations, experi¬ 
ments and studies will be nade to deternlne optimum 
methods for mapping. This study should result in 
a set of rnles applicable in the SAGE System, com¬ 
patible with human mapper capabilities, which afford 
a minimum of non-aircraft returns entering the com¬ 
puter, with a minimum loss of aircraft returns. 

8» Manned Interceptor Simulation Program (MISP) 
ffe^erenciT~Reaorandum 6M-5001, Section 2. nr 

The KISP is a general purpose test pro¬ 
gram for the Memory Teat Computer. It simulates 
one interceptor-bomber pair with realistic blip- 
■ean ratio characteristics, realistic data accuracy 
characteristics, and realistic non-aircraft returns 
(obtained from the Data Studios, Item 6 above). 

This program will be used to gather statistical 
data rapidly which describes the dependence of 
intsrosptor kill probability on system parameters 
(radar data accuracy, scan rate, noise, constants 
salsotsd in the tracking equations, interception 
taotles, interosptor performance, eto.). 

The program will be used to investigate 
some of the speolal requirements imposed by super¬ 
sonic alroraft, suoh aa the slow-down sxperlenoed 
during a tight maneuver. The results obtained from 
MISP will be oompared with and used to augment the 
results of the live-test program on the 19$h Cape 
Ood System. 

The HiaP le the only mesne now at our 
disposal for studying psrformanoe of the SAGE Sys¬ 
tem with the weapon* whloh will ba operational In 
the 1927-1958 time period (P-109A end N02B). 




t Program (tJP) Reference Memorandum 

SB 


Z 


After having data from all the various 
teste, it le necessary that they be further pro- 
eeeeed by computer programs, A list of eons of 

the program# needed lei 

1. Tape raad-ln subroutine. 

2. Operations summary print-out. 

J . Track log print-out. 

. Detailed single traok history print¬ 
out. 
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5. Track position photographic program. 

6. Magnetic tape reproduction program. 

7. Active track summary. 

8. Synthetic data photo program. 


These programs are important because they 
increase the efficiency of execution of other tests. 


10. Search and Height Radar System Performance - 
ffoverage (CM) -- 

These tests are designed to measure the 
coverage of the various types of search and height 
finder radars in the Cape Cod System. The objective 
is to measure the effective coverage of the com¬ 
bination of the radar and its associated encoding 
equipment. The coverage performance is specified 
in terms of a minimum blip-scan ratio for a given 
type of target within given boundaries of range 
and elevation. A sufficient number of tests are 
made on each type of aircraft so that fairly close 
limits can be specified on the expected average 
radar performance at different altitudes for each 
type of aircraft. 


These coverage measurements are funda¬ 
mental not only to the evaluation of a radar system 
but also serve to establish the tolerances on the 
data inputs with which the computer data processing 

system must work. 


The immediate usefulness to the SAGE Sys¬ 
tem of this series of tests of this study iss 

1) to determine the effective coverage 
and check the choice of radar spac- 
ings now planned in the SAGE System 
by determining the effective cover¬ 
age available; 

2) to check the choice of overlapped 
sites j 

3) to derive rules and constants for 
coverage masking for the SAGE master 
program; 


b) to furnish part of the data needed to 
verify the input data capacity figure 
used in the AN/FSQ-7 design; 
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11. Search and Height Radar System Performance - Accuracy (AM) 

The teats in this category will concentrate on measure¬ 
ments of the accuracy and precision of the radar data (including Mark X) 
and the orientation of the radar netvork. After orientation of the radar 
network la accomplished by the established method, flight tests are car¬ 
ried out and the positional data as determined by the radar and encoding 
system are compared with a reference position as determined by Raydlst 
equipment. Of particular Interest will be the determination of the sta¬ 
bility of the orientation of the radars. 





A study of the accuracy and precision of the height 
data from an PPS-6 height finder radar will be made together with a 
study of the accuracy and precision of the orientation and positional 
(range and azimuth) data. 

These tests will establish the accuracy, precision, 
and clability of the radar data which the SAGE system will be expected 
to process. 


The usefulness of the results of these tests to the 

SAGE System will be 

1) selection of tracking parameters for the SAGE 

master program. 

2) to determine the adequacy of orientation methods. 


These tests use the same aircraft flights as are used 
In the tracking accuracy tests described above. 


radars. 


3) used in establishing the specifications for SAGE 


« 


ft 


12. Systemlzatlon of Performance Measurements - Mathematical 
and Physical Models (SPS ) 

These studies attempt to provide Information In order 
to better systematize our measurements of the various factors which af¬ 
fect system performance. The blip-scan ratio determinations for different 
aircraft types at the different radars must be combined with the computer 
data requirements to yield effective overall-system coverage for adequate 
automatic Initiation, tracking, etc. Statistical studies of track data 
are needed to provide an adequate description, both for the purpose of 
better understanding radar performance and also to allow a more systema¬ 
tic optimization of signal detection equipment and the logic of computer 
initiation and tracking programs. 

These studies also serve as a basis for describing 
correct data Input models for the simulation studies that are the basis 
of both direction center training and computer program development. 
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1) a better understanding of the data which comes 
out of radars and data transmission equipment in SAGE; 

2) optimization of the mode of radar operation 
(beam cestimations, MTI, STC, antenna tilt, etc.) 


13. Eralnation of Radar Data Quality (DQS ) 

These studies are based on monitoring of the data 
output of the radar (and data transmission equipment) system both towards 
the end of obtaining knowledge of its characteristics and developing 
methods far its control. Radar data in an air defense radar system con¬ 
sists of signals corresponding to actual aircraft and those that are un¬ 
related to aircraft. An assessment of the rate of unwanted signals; 
l.e., those due to equipment generated noise, ground, sea, precipitation 
clutter, is essential to an evaluation of system effectiveness for at 
least two reasons— the obscuring of targets in regions filled with clut¬ 
ter and the overloading of the computer with an excessive data rate. 

Th" average degradation resulting from these factors and their variabili¬ 
ty will be evaluated in the '5*v Cape Cod System. 


The results of these studies are needed to determine 
how much radar overlap is beneficial when noise as well as wanted signals 
are taken into account. In addition, an evaluation of radar performance 
is necessary- In the preparation of SAGE radar performance specifications. 
This study extends the results to the search and height finding coverage 
tests to provide an evaluation of the effective coverage remaining under 
clutter conditions. 


Ik. Study and Evaluation of Clutter Control Techniques (CCS ) 

The techniques available in the Cape Cod System for 
rejection of clutter will be evaluated, principally JfTI for ground clut¬ 
ter and circular polarization for precipitation clutter. This investi¬ 
gation necessarily includes measurement of the cancellation achieved and 
of the sub-clutter visibility attained. In addition, observed intensi¬ 
ties of clutter will be analyzed to determine if S.T.C. (Sensitivity 
Time Control) of seme form offers any promise. The analysis of these 
factors will be extended to their effects in a multi-radar system with 
radar overlap. 

The results of these studies will point out the 
optimum utilization of the presently available devices or techniques and 
the need for consideration of retrofit modifications in SAGE radars. 

ft 
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The system analysis and evaluation outlined above 
will require supporting studies of acre fundamental or detailed nature. 
The accuracy measurements on FGD seriously tax the measuring technique 
used for its evaluation. The basic limitations of the Raydlst technique 
must be checked both as to the experimental procedures and as to the 
mathematical solutions of the equations In hyperbololdal coordinates and 
the computer programs used. More general studies are needed to evaluate 
the system limitations on radar scan rate and the parameters affecting 
multiple print occurrence. The stability of the false print rate should 
be Investigated and its optimal level determined as a function of other 
parameters of the system. Additional statistical studies are needed for 
an adequate representation of track data characteristics such as further 
considerations of the effects of loblng and scintillation on signal runs 
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Hie several activities outlined above have been scheduled both 
vlth regard to the manpover requirements and to the equipment require¬ 
ments. In describing these schedules the following abbreviations are 
used: 

SOT - System Operation Test 

IS - Interception Tests (this consists of seven series of 
tests - IS1 through 187- IS3 through IS6 require live 
aircraft). 

TA - Tracking Accuracy Tests 

AB* - Accuracy B-29 Ion-Maneuvering 
ABM - Accuracy B-29 Maneuvering 
AH - Accuracy Interceptor Son-Maneuvering 
AIM - Accuracy Interceptor Maneuvering 
AJI - Accuracy B-U7 Son-Maneuvering 
AJM - Accuracy B-47 Maneuvering 
TIM - Trouble Detection and Monitoring Tests 
II - Initiation Tests 
DS - Data Studies 
RM - Radar Napping Tests 
MISP - Manned Interceptor Simulation Program 
DP - Utility Programs 

CM - Coverage Measurements (Search and Height Radar System 

Performance - Coverage) 

AM - Accuracy Measurements (Search and Height Radar System 

Performance - Accuracy) 

SPS - System Performance Studies (Systemizatlon of Performance 

Measurements - Mathematical 
and Physical Models) 

DOS - Data Quality Studies (Evaluation of Radar Quality) 


. 
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CCT - Clutter Control Techniques (Study and Evaluation of) 

SI - Supporting Investigations (Supporting Theoretical and 

Experimental Investigation) 

Table II lists for each test or study: 

1. The number of aircraft flight hours that have been 
scheduled. These are broken down Into four categories: 
B-29, B-47, F-2H, and F-86 or F-9 1 * type aircraft. 

2. Whirlwind I computer hours - these are listed In two cate¬ 
gories: those which Involve the direction center and those 
vhlch Involve only the computer Itself, that Is, non-real 
time computations. 

3- Memory Test Computer operation hours. 

4. IBM 407 accounting machine hours. 

3* South Truro radar operation hours - the hours In the 
chart Indicate those required for each specific test. 

They do not, however, reflect the total length of time 
that the radar set must be operated. In order to allow 
for warm-up time for the radar set, equipment checkout 
and calibration, etc., It is assumed that South Truro will 
operate a minimum of four days a week from 7 A.M. until 
L P.M. and on Saturday from 7 A.M. until 12 noon. 

6. Manpower Requirements 

A. Group 22 Staff 

B. Group 6l Test Staff 

C. Group 6l Programming Staff 

D. Group 6l Hon-8taff 

E. BTL Staff aiding Group 6l 

F. Group 36 Staff 

The manpower assigned to each of these projects actually 
constitute only a part of the total being used on the 195^ CC Test 
Program. The remaining people are classified as overhead for the whole 
test program and very often only part time Is spent on the test program. 
The overhead functions Include supervisory personnel, test direction and 
coordination personnel, computer operators, secretaries, etc. 




,irn 











TABLE II 


APPROVED FOR PUBLIC RELEASE. CASE 06-1104 


CONFIDE-milC 


UNCLASSIFIED 


MeBoraundum 6L-212 - DRAFT 


slis 


^ ^ < 
gS H H H m " 


® ^ o o 

CVJ rr> rH 


3 R a R 

CVi C*\ 


EEEEE EilEl 

B MEbm 

I piEIR 
■BUR 


Si s 




tt 3 


^HEGEIEEI 

9EEIBEEEEEE1EEEEI 


B BBIEBEE1 


SsaEBasifeSS 


« & 


al | 


99Ct 6 9H, 






































































































APPROVED FOR PUBLIC RELEASE. CASE 06-1104 


i 





* 






ft 



Memorandum 6L-212 

DRAFT 

FL-AQ-8 


^CLASSIFIED 

F*«* 29 


Those test Items marked vlth an (*) are tests that can be run 
concurrently vlth other tests already scheduled. Hence, It Is expected 
that Whirlvlnd Direction Center hours and South Truro operation hours 
vill not be In addition to those scheduled for other tests. Similarly 
the aircraft flight hours for the accuracy measurements need not be 
added since this test will use the same aircraft as the Tracking Accuracy 
Tests. 


Table m (7 pages) Is a detailed schedule showing the time at 
which each test will be run. The schedule begins 1 August 1955 and 
extends until 1 April 1956. Although some tests are scheduled for the 
period 1 August through 15 August, these are for the purpose of orienta¬ 
tion only, and 15 August Is the starting date for this test program. 

Radar data will be required at the Direction Center four days per week 
(plus some Saturday mornings for training purposes). Monday of each 
week Is set aside for radar Installation and the last Monday in each 
month is set aside for computer Installation. Consequently, the schedule 
contains only thoBe tests on Monday which do not require live radar data. 
Btere is some time reserved In the schedule which does not correspond to 
any of the tests already diacusaed. These are considered as overhead 
and are not chargeable directly to the test program. These time allot¬ 
ments are taken up by: 

1. Equipment Checkout (ECO) 

2. Simulated Training Missions (ST) 

3- Live Training Missions (LT) 

A. IS1 Is Interception Series 1 which has been set aside to 
perform the dual role of providing a training mission as 
well as providing some general data on system performance 
for the test program. 

The numbers at the bottom of the chart opposite the abbrevia¬ 
tions for each test Indicate the day on which each test is to be conducted. 

The recommended test program fits within the limits of existing 
resources, except presently assigned manpower. The scheduled aircraft 
hours were derived by tripling the actual aircraft flight hours needed. 

The factor of three Is based on past experience with cancellations caused 
by weather, aircraft troubles, equipment malfunction, etc., and Is 
conservative. The requirement for Flne-Orain-Data from South Truro Is 
based on having data available 35 hours per week, which requires sched¬ 
uling the radar and data transmission equipment for Al hours per week 
when warm-up and, checkout, and adjustment are added. This is about the 
maximum which can be obtained concurrent vlth field development work on 
the site equipment. The demands for time on the direction center and 
Whirlwind I are up to the maximum now available. The Memory Test Computer 
time does not exceed what Is now available. 
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Die manpower requirements exceed the staff manning now assigned 
as shovn oelov: 


Required manpower 
Presently assigned 


Group 22 
Test & Analysis 
Section 

14 

9 


Group 38 

3 

3 


Group 6l 
Test & Analysis 
Section 

18 

12 


Additional Required 


5 


0 6 


Group 38 mannlng Is now adequate. 

The six additional people required In Group 6l can be assigned 
from the additional staff recently hired and now being trained In com¬ 
puter programming, (lhe present Group 6l recruiting requirements have 
allowed for additional manning on the test program, so this does not 
change the requirements.) 


There are a total of 13 staff members In the test and evalua¬ 
tion section of Group 22. 


Pour of the staff members have Joined the Laboratory very 
recently and are still neither cleared nor completely oriented to the 
program. At the present time and In the foreseeable future, of the 
remaining staff, only an equivalent of 5 full-time staff members are 
available to the test program. The remaining 4 equivalent full-time 
staff are needed to fulfill continuing Important other Group 22 respon¬ 
sibilities which logically should be assigned to members of the test 
and evaluation section. 


It Is estimated that 14 full-time and appropriately trained 
staff members are required for the Group 22 test and evaluation program. 
This staff must be provided from the 5 equivalent experienced full-time 
members of the section, the 4 new people now In the section, and by the 
addition of 5 new people to this program from outside sources. These new 
people should be experienced engineers or physicists and at least two of 
them should be familiar with radar problems. 


I . 

CONFIDENTIAL 










TABLE Ilia 


APPROVED FOR PUBLIC RELEASE. CASE 06-1104 


-einrrrD ett i nr 


Memorandum 6L-212 - DRAFF 


HWH 

to EH H CO^t 

MOO < M SB 

CO Eh H to m 

MOO < H « 

OOXGiDEhWOS 

C ® 5*5 

CO O Eh 

« X 1 

< « Ss 

h a a ch < h 



H CO H 



CO EH 

HCQJ- 

c m X 


MOO 

C H SB 

cm* 


co EH 

H CO CO 

« x 1 


MOO 

C M SB 

C « SB 



Eh O X 

1 Eh P X 



M CO H 



CO EH 

H CO J 1 

C m x 


MOO 

C M S3 

< m P5 


CO EH 

h 10 m 

K X 


MOO 

<HS5 

cm ss 



H O X 

1 BOS 



BPS 

CO O EH 


WOO 

« z 

CO O Eh 



BP J 

CO O Eh 


woo 

05 X 

CO O Eh 



H O X 

CO O Eh 


woo 

05 X 

CO O Eh 



H « X 

CO O Eh 


MOO 

OS X 

CO O Eh 

OOXfeDEnMOS 

►H S3 03 Eh C W 


vo 

o\ vo 


H 

CM CM 


UNCLASS! 

Page 31 


® av 3 ^ aj cn 


4 ia vq 
H H H 













X 50 U) CO H H CO 


APPROVED FOR PUBLIC RELEASE. CASE 06-110^ 


TABLE Illb 


September 

$ 6 7 8 9 10 II 12 13 J.U lg 16 17 18 19 20 21 22 23 84 25 26 27 28 29 30 12 





C 

E S 

1 C T 

0 

E S E 3 

C T C T 

0 0 

E S E S 

C T C T 

0 0 

0 E S E S 

M C T C T 

P 0 0 

W 

T R I A I I 

D M S I S S 

M 3 N k 1 

T R I A I I 
D M S I S S 
M 3 N 4 1 

U 

T I T I I I 
E S D S S S 
R 6 M 6 6 1 

A A 

B B 

N M 

A A A A 

B B B B 

M H M N 

T 

D 

M 

A A A A 

B B B B 

M N M N 

T 

D 

M 

I 

H R A S A 

S M B 0 B 

T M T M 

A 

L 






October « 

3 4 5 6 7 8 ? 


E S E 3 
C T C T 
0 0 


CO 


T I I A I I 
D S S I S S 
M 6 6 N 6 I 


A A R A 
B B M B 

M N M 
T 
D 
M 


Memorandum 6L-212 


















TABLE IIIc 


APPROVED FOR PUBLIC RELEASE. CASE 06-1104 











6L-212 




















SSIFIEn 
























APPROVED FOR PUBLIC«RELEASE. CASE 06-110# 


February 

26 29 1 2 3 4 


0 E T E S 


TABLE Illg 

March 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 




E T E S 


E T E S 
C 


E T E S 


T R I I A I 
E M S S I S 
R 5 5 M 1 


RIITI T R I IT II TRTTTI 

DKSSD3 DMSSDS 

55M1 M 55M1 


J J J J 

J 0 J J 

J J J J 

H M M M 

M T M M 

M M M M 

T 

T 

T 

0 

0 

D 

M 

M 

M 


H A A 3 A 

3 J J 0 J 

T M M T M 


61/62 63 


11 

12 13 

14 15 16 17 

18 19 20 

21 22 

23 24 


65/66 67 

68 

69/70 71 72 

73/74 75 76 


6l»-212 


































APPROVED FOR PUBLIC RELEASE. CASE 06-1104 




* 





• ' 


I 



» 


Memorandum 6L-2I2 

DRAFT 

PL-1Q-8 

V. FIELD EQUIPMENT ENGINEERING 
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*«• 38 


One ef the major areas of weakness In the Cape Ced System testa 
to date has been the deficiencies in the radar data received at the 
computer* 


Because ef the critical time schedules Imposed an the SAGE 
System development, it has been necessary to perform system tests in 
parallel with the research and development on SAGE equipment* The radar 
sites in the Cape Ced System are called an te perform the dual function 

of 

a) providing high quality radar data ef the type which 
a completely developed system is expected te provide 
and 

b) serving 4 s a laboratory where the equipment development 
continues and where SAGE System techniques concerned 
with the radar network are established. 

The magnitude ef this dual program at the Cape Ced Radar Sites 
has not been fully recognized. Tee often the assumption is made that 
equipment is delivered te the radar sites with all development work 
completed. In most cases the research program to prove the feasibility 
of the new device has been cmipleted but the engineering development work 
involved in integrating the new equipment into the system and the field 
development to establish cmnpatlbllity with other equipments, te improve 
reliability, te establish effective test and marginal checking procedures, 
and te properly design ancillary equipment have Just started. Because of 
the pressure ef performing system tests so necessary te the development 
of computer programs and direction center equipment, as well as the 
analysis ef the system te prove that the air defense Job can be performed 
adequately, the radar site equipment has been called an te deliver data 
ea a heavy operational schedule before the site equipment development 
work has preceded te the point where such a schedule can be accomplished 
an a reliable basis. 

The only solution which is acceptable and possible if the time 
schedules are to be met is te recognize that the dual program at the sites 
must be carried out and the magnitude ef the program must be recognized 
and supported by the engineering effort which is necessary to accomplish 
the task. If the engineering effort is forthcoming, if the importance 
ef the field engineering work is recognized so that mere engineers can be 
attracted te it, and if the personal problems of housing and dislocation 
expense are resolved, the program at the radar sites should be able te 
accomplish both ef the above described missions in parallel. 

It is estimated that at least 6 additional experienced engineers 
are needed in the site development work on data transmission problems if 
the operational schedule desired by the test program is to be met together 
with the continued development ef equipment and techniques. It must be 
recegnized that these engineers will be called on to work largely in the 
field and at times during odd hours when the equipment is net being used 
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•n an operational basis by the SAGE test pregram. It is imperative that 
liberal dislocation allowances be made te these staff members so that they 
can maintain nermal living cenditiens while deing this vital Jab. 


t 


It is estimated that a minium ef U addltlenal experienced radar 
engineers are needed in the system pregram. While it is clear that the 
development ef new radars is net and sheuld net be dene by the systems 
group, it is essential that the many systems problems asseciated with the 
radar network be undertaken by first class engineers with beth radar 
experience and an interest in systems problems. It has long been a 
misconception by many members of the Laboratory that the radar people in 
the systems business can be inferior ability capable only of installation 
and routine maintenance work only. In reality they should be competent, 
responsible engineers with broad experience. Ia order to cope with the 
radar systems problems they must 

a) be familiar in great detail with what the radar 
development groups are doing, 

b) be able to analyze system needs such as azimuth 
commutators, trigger generators, buffer amplifiers, 
etc. in order to make recommendations to and obtain 
the support of the radar development groups, 

c) be able to work out system calibration, maintenance, 
and orientation techniques, 

d) be able to assist the system test and analysis section 
in special radar test set-ups and in preparing documents 
on SAGE specifications such as radar performance 
criteria. Justification of radames. Justification of 
circular polarization for SAGE radars, etc.. 



o) bo able to represent the Laboratory in carrying out 
Lincoln's responsibilities in discussions with the 
Air Force and ADES agencies on radar site installation 
and phasing problems. 

These Jobs, best performed by engineers thoroughly familiar with 
radars, must be done in direct group association with the staff responsible 
for the operating system and the system test and analysis. These 
responsibilities cannot be carried out by radar research groups as a 
part-time area of interest on request by the systems group. To bo 
effective in this work a staff member must maintain full-time contact 
with the Capo Cod System radars, the system tost program, and the develop¬ 
ment work on other site equipments which are associated with the radars. 

The Lincoln Laboratory Cape Cod System program has suffered 
greatly by the trend to remove many of the most experienced radar staff 
from this area of work when they have gained proficiency in coplag with 
these problems in order that they might devote their time to long-tora 
radar development. The Laboratory has also been embarrassed at times by 
not having adequate representation ia meetiags with ADES, Air Material 
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Areas, and ether erganlsatiens an the P-site lnstallatien and phasing 
pregram and athar system prablams. The Laberatery has an abllgatian ta 
aducata Ball Labs and Western Electric paapla ta the many preblems af 
the SAGE System in erder that they can prepare ta carry eut their ' 
respansibilities such as preparing acceptance test precedures, etc. Our 
inability te assign staff members familiar with these system prablams te 
spend time with ADES persennel has been a seurce ef frictien between 
Linceln and the arganisatlens an wham we must depend te implement the 
preductlan system. 

It is recemmeOded that the Laberatery take immediate actian te 
transfer persennel te these activities. It is believed that the time 
schedules facing the SAGE develepment require that a prlerity be assigned 
te these activities and that staff new assigned te ether pregrains be made 
aware ef the impertance ef this wark and leaned te this pregram. 
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VI. COMPUTER PROGRAM DEVELOPMENT 


Rag* 4l 


The statue of the Cape Cod computer program on July 1, 1955 
was as follows: 

1. The automatic Initiation portion of the program was 
not working as designed, due to coding errors. 

2. The portion of the track trouble detection program 
which detects formation splits was erratic, due to 
coding errors. 

The major difficulty In correcting the program errors was lack 
of accurate documentation describing the tracking section of the program. 
During July Group 6l personnel were temporarily shifted to prepare an 
adequate description of the tracking section of the program and correct 
the coding errors. This wort will be completed by August 1, 1955- 

Another impediment to testing has been the synthetic data 
generation computer program (not an integral part of the 1954 System 
program), which was not coapleted on time. Additional effort has been 
put on this computer program, which is now written and should be fully 
checked out by August 8, 1955• 

Further programming effort for developsiental modifications 
will be quite sraa? 1 since desired changes which lesult from testing 
will be fully specified and require only a small amount of coding. Any 
large-scale changes will not be incorporated in the 1954 Cape Cod com¬ 
puter program unless the SAGE Test Committee, Group 22, and Group 61 
mutually agree that these changes Justify the diversion of manpower. 


Howard V. Boebmer 
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